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Introduction

What do building science and architecture have in
common? When I mentioned to colleagues that I
was going to speak on this topic the universal reply
was, “that will be a short talk”. No such luck, I'm
afraid. And if you think I have some new answers
to offer, I have to disappoint you further. Because
what I want to focus on here is how different these
two groups are—not only do they inhabit different
cultures, having different risks and rewards, but
they have different ways of dressing, talking, and
understanding each other. The truth is that these
two professions may share very little common
ground.

So I think we need to look closely at some of the
cherished beliefs held by both sides, and then see if
we can at least form a basis for mutual
understanding. Ideally, we need an anthropological
“Guide to Building Scientists” and a companion
guide for architects.

One area that anthropologists study in some detail
is that of myths and belief systems. Myths play
several roles in a culture, often explaining
otherwise inexplicable behavior. While some
deride myths as being unscientific, and not “to be
taken seriously”, few would deny that myths
embody some basic truths.

Some Common Myths about Building Science
and Design

The myths I have collected are those having to do
with building science and building scientists,
architecture and architects, and how architecture
students are typically taught building science. I
realize that something I call a myth may be your
core belief, so let me first assure you that I mean
no offense. My hope is that by bringing these ideas
into the open we can determine whether these
sacred cows and dead horses contain underlying
truths that should not be discarded.

Myth #1. Building Science is a rigorous, logical,
scientific discipline; architecture is soft and
intuitive.

This one is a favorite of mine. In my experience,
it’s the building scientists who are the wacky,
goofy theorists who put forth all sorts of
impractical schemes, and the architects who are the
sober, practical and pragmatic professionals. For
one thing, is what we call “building science” really
science? Around my lab I often hear that building
science is not “rocket science,” meaning that real
brain power is busy elsewhere. So I called some
real rocket scientists I know at Cal Tech, and asked
them how difficult their jobs are. They said,
modestly perhaps, that it was nothing, really, just
mixing chemicals and making explosions—stuff
kids do. One astrophysicist volunteered that he
needed help figuring out how to insulate his attic,
and did I have any ideas.

If you ask social scientists about their fields—with
the exception of economists—they often bemoan
the lack of rigor in their discipline, saying it’s all
rather vague, and they point to the physicists as
having more “scientific” principles. And when you
ask physicists about the rigor in their field, they tell
you how they envy the mathematicians, whose
work is more pure. As for the mathematicians, they
describe their field as being “intuitive and rather
vague.”

If we look at the practice of architecture, it is a
highly structured, demanding profession where
schedules and budgets reign over every aspect of
the work. Architects may rely on intuition and less-
than-scientific principles in their design, but in
their practice they have to rely to a large degree on
facts and figures.

Clearly building scientists should be a little more
understanding of architects’ needs for information
about technology, and that such things as
performance data, costs and other practical aspects
are vital. And architects would do well to realize
that building scientists don’t have all the
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answers—that their tools and methods also rely on
assumptions and intuition.

As I mentioned there are significant differences in
the risks and rewards for each of these disciplines,
and if we are to work together we need to
understand the other’s culture. Of course there is
that rare hybrid—the renegade architect who is
also involved in building science. But like other
hybrids, they may not be able to reproduce.

Myth #2. If only we had gotten into the design
process earlier.

I hear this from consultants all the time. By the
time they are brought to the table all the key design
elements have been decided and all they can do is
make minor changes. So the question is, when is
the best time to bring in technical expertise? Often,
when our team has been asked for advice on
energy alternatives during schematic design, we
frequently end up saying that until the basic design
decisions about size, shape, materials, zoning, etc.,
are decided, we can’t do an energy simulation.

A good example is the situation we faced when a
client and the engineering consultant wanted us to
model several energy alternatives for the National
Museum of the American Indian, designed by the
Canadian architect, Douglas Cardinal. At the time
of the request the designer was still debating
between including one atrium or two, whether the
galleries should be open to unconditioned space
(“everything needs to flow”) and whether the roof
should be made of glass. Without these decisions
in place, we couldn’t begin to make
recommendations on the energy systems. All we
could do was to speculate that the west- and south-
facing glass would need to be reoriented.

Obviously the difficulty is drawing the line at the
point where there is enough information available
on which choices can be based before key elements
have been set in stone, figuratively speaking of
course. Although incremental changes can be made
at any point in the design and construction process,
change orders can be costly. Changing a glazing
spec at the working drawing stage is relatively
inexpensive (although HVAC sizing will be
affected) but changing glazing size can be very
expensive.

Ideally, on major projects designers and
consultants need to form partnerships. The reality
is that design budgets, more often than not, allow
for only brief encounters between them.

Myth #3. If only architects had a better design
tool that would allow them to understand the
impacts of their design on energy use.

The use of energy simulation tools in the design
phase allows lots of neat permutations and
variations to be explored. In my experience,
however, architects don’t want to use them. Too
busy to add any more “learning experiences” to
their already overburdened job, they prefer to hire
consultants for this purpose. The exception is that
rare hybrid architect I mentioned earlier who is
fascinated by building science.

There is a concern here that when design tools
become easy to use, any “tool user” can become an
expert, without necessarily understanding the
consequences of his or her actions. The possibility
for disasters is very real. This concern should not
be taken as an elitist fear of power being usurped
by the masses, but, rather, as a plea for all to
understand that tools are tools, and they are only as
good as the understanding of the user.

Myth #4. We need to teach architecture
students more building science.

Of course we need to teach architecture students
building science. Actually, I’ve often thought that
we don’t need to teach students about building
science at all, we need to teach design faculty
about building science. When I once proposed such
a seminar, the other technology faculty were aghast
that I would even suggest such a thing.

From my perspective, this separation between
teaching technology and teaching design reinforces
their differences when what we need to do is
emphasize their interdependence. 1 would like to
see all building science courses renamed
“Beginning Design Studio” and “Advanced Design
Studio and Seminar.”

While, in theory, team teaching serves to improve
this situation, in my experience teaming a design
faculty with a tech faculty in studio results in the
technology being marginalized even more as the
design faculty demands the students’ attention.
Despite  several examples of  successful
partnerships, I am concerned that unless the design
faculty have some understanding of and
enthusiasm for the technology issues, the students
will simply ignore them.

The people I would like to educate about building
science are CEOs, building owners, movers and
shakers in the community, and society at large.



Perhaps we should teach building science in the
business and law schools. Once these future power
brokers appreciate the importance of healthy,
comfortable environments then the architects will
scramble to meet their needs.

Myth #5. If we explain the basic principles of
building science more clearly, we will win over
architects and design students who are
currently seduced by designs that violate these
principles.

A ready example of this proposition, taking a page
from Cris Benton, is to show a group of
architecture students how uninhabitable Richard
Meier’s Logan House must be with its two-story
west-facing glass. The problem I have is that every
time I show this example and explain how it
violates principles of comfort, energy efficiency,
and produces glare, the students (and I'm guilty of
this, too) still love the way it looks. Consequently,
enormous west-facing windows continue to show
up in all their studio projects.

My solution? I don’t show students the Logan
House. At the same time I think we need to realize
that esthetic appreciation is subjective and
personal, and while beauty and habitability need
not be mutually exclusive, we would be foolish to
think that we can argue away the one using
arguments for the other. In a contest between
beauty and technology, beauty will win every time.
The message I try to convey to my students is, if
they wanted expanses of unshaded glass, fine, but
they had better understand the consequences of
their design on the comfort of the building users
and its impact on the environment.

Myth #6. All buildings must face south (or
north).

We can all appreciate the arguments for proper
orientation of glazing and the use of thermal mass
to take advantage of passive heating and cooling
opportunities. Nevertheless I am struck by how an
insistence on solar orientation has driven designs. I
recently reviewed design submittals for housing for
the US 2002 Olympics in which the competing
schemes were scored, in part, based on their
relationship to true south. I would prefer that credit
be given for orientation based on access, view,
surrounding buildings, and the proper treatment of
glazing with respect to its different orientations.
The solar criterion was a simplistic proxy for
“energy-efficient design,” and I suspect this
practice is more widespread than this one project.
Energy criteria, important as they are in the design
of buildings, cannot be dominating factors:

sometimes it is important not to let the “energy
tail” wag the “design dog.”

Myth #7. Low-e windows look just like regular
windows.

I confess—this one caught me by surprise. I had
recommended low-e windows for the studio of an
artist friend. The quality and color of light was
important to her and her concern was whether these
windows would block out too much daylight. I told
her there would be some reduction in the visible
transmittance, but it wouldn’t be noticeable. And it
probably wouldn’t have been had she not put a
French door with clear glass next to the low-e
windows. It was instructive, at least, to see how
different the color of the sky was through the two
panes of glass. Of course the solution would have
been to have low-e glass in the French door.

Myth #8. You can’t have operable windows in
commercial buildings.

The only people I know who say they prefer sealed
windows to operable windows are HVAC
engineers. And when I’ve asked them whether they
have sealed windows in their homes, they just glare
at me.

Several reasons are given for this dictum, the chief
one I hear being that you can’t control the HVAC
system if you have occupants opening and closing
windows. I suspect that concerns for security,
smoke control and the cost of window hardware
are also important. But people like operable
windows where they live and where they work. I
recently reviewed design schemes for a new
municipal building that included a daring entry by
a well-known avant-garde firm, featuring “venturi
air foils” and other high-tech strategies. I pointed
out to the jury that the truly radical technology that
distinguished this scheme from the others was that
it had operable windows. While we cannot settle
the debate about operable vs. inoperable windows,
again, we should be clear about the base for the
arguments pro and con.

Myth #9. Tight buildings cause “Sick Building
Syndrome.”

Architects and clients frequently tell me that they
don’t want their buildings to be “too tight.”
“Buildings have to breathe,” they say.



The Canadians and Scandinavians have been
building tighter homes and offices for years, and
have addressed the issues of the resulting increase
in moisture and indoor pollutants by installing
mechanical ventilation systems. These systems
typically work well; indoor comfort levels are
reportedly quite high. One problem that the Swedes
and others have discovered, however, is that
conditions comfortable for humans, are also
comfortable for bugs, dust mites in particular.
Asthma appears to be increasing, especially in
children, and although several factors are involved,
dust mites appear to be a causal factor.

Health problems in the workplace are real and
probably more widespread than we previously
realized. The causes are not well understood, but
probably have more to do with the outgassing of
chemicals from building materials and products,
and faulty ventilation systems, than with the
tightness of the building envelope.

Without discussing the issue of how much
ventilation is needed, what the provisions are for
smoking, whether we should test all houses for
radon, and how to best bring in outside air, let me
say that these are all important questions that need
our serious attention as designers and builders.

Myth #10. Energy codes restrict the creative
genius of architects.

Following the 1991 fire in the Berkeley/Oakland
hills that destroyed over 3000 homes, the local
chapter of the AIA convinced the city to petition
the state to exempt designers of new replacement
homes from meeting the state’s energy code. The
argument used was that most homeowners wanted
their new houses to be just like their previous ones,
which were all built prior to the state’s first energy
code in 1973. After a flurry of faxes and phone
calls between state and city officials (ask me about
the details if you are interested) the city withdrew
its support for the architects’ petition, and the law
of the land prevailed: energy codes would be
enforced.

The degree to which local architects felt
constrained by the energy code was surprising.
Surveys of builders throughout the state confirm
that meeting the code posed no difficulties, except
for architects. The most disliked part of the
residential energy code is the lighting requirement
for the kitchen and bath that can be met only by
fluorescents. That brings up the next—
controversial—myth:

Myth #11. Fluorescent lighting is bad.

This one has been around for years and has
received a lot of press. I remember my first day in
design school when our class was addressed by one
of the senior design professors. One of the students
asked about the incessant low buzzing in the room.
The professor launched into a tirade against
fluorescent lighting, pointing out that it wasn’t
“natural” and that it was bad for us. I climbed onto
a table and whacked one of the overhead air ducts
with a tube of drawings. The noise stopped. The
students all looked at the prof, who continued with
his lecture without missing a beat. The odd thing to
me is that none of my classmates remember this
incident, and I’m willing to bet that the prof still
fumes against fluorescent light. Lesson: Never let
an ugly truth get in the way of core beliefs.

Myth #12. Fluorescent light is just like
incandescent.

I’ve told my students this for years, arguing that
well-designed fluorescent fixtures were
indistinguishable from incandescent ones. It was
only when we started comparing actual
installations that we saw how different they were.
Recent advances in compact fluorescent lamps
have made them almost interchangeable with
incandescent A-lamps, but we shouldn’t try to
convince people that they are the same.

Myth #13. Compact fluorescent lamps interfere
with electrical systems and radio and TV
reception.

I have read studies showing how CFLs can cause
harmonic distortions in some electrical systems.
But I was dismayed to learn that residents of a
senior  housing  project in = Worcester,
Massachusetts, were complaining of poor TV
reception following the installation of our energy
retrofits. The retrofits consisted of heating controls,
new windows, roof insulation and CFLs in all 70
apartments. In my follow-up surveys the retrofit
crews said they had never had complaints about
poor TV reception before, and that the
management was seriously considering taking out
the new CFLs. I asked the lighting scientists back
at the lab, and they were puzzled, too. Then we
discovered that during the roof retrofits the
contractor had disconnected the TV antenna. Once
it was reconnected the problem went away.
Another lesson in correlation and causality. But
perception is reality: the residents still talk about
the problems with their new lights.



Myth #14. More and smarter controls are
better.

For decades the “house of the future” or “office of
the future” has featured more and smarter
automation. Automated coffee machines that bring
your morning cup to your bed and robots that clean
bathrooms are two scenarios that have been
proposed for at least the past 100 years. We
already have seen major advances in “smart
homes” and “intelligent buildings” which take
advantage of information technology using sensors
to automate and integrate building security,
environmental controls and other features. But we
need to stop and ask ourselves how much control is
enough? What are the energy and environmental
consequences, not to mention the sociological and
psychological, consequences of increased building
automation?

The need for increased controls, unquestioned, of
course, by the manufacturers of control equipment,
has been that the such systems will allow building
occupants and operators greater satisfaction
through the control of their temperature, lighting
and air flow.

Studies have shown that workers like to have local
control over their ventilation, lighting and
temperature in their workplace. While other
research has shown that workers don’t want the
additional hassle of having to manipulate control
panels, they just want environmental conditions
taken care of for them. We don’t have to choose
between smarter buildings or smarter people, but
we should continue to look at the consequences of
these actions.

Myth #15. Refereed architectural journals are a
valuable source of information for the
profession.

An article in Science in the early 90s [Hamilton,
1991] reviewed the use of “citation indices” as an
indicator for how frequently publications in
different fields were used by those in the field. The
article showed that atomic, molecular and chemical
physics, at one end of the spectrum, had more than
90% of its journal articles referred to by others,
suggesting that researchers were reading these
cutting edge articles. At the other end of the
spectrum were refereed architectural journals,
where 99.6% of the papers were never cited.
Building technology did somewhat better: only
84% of the articles had no citations. Does this
mean that no one is reading the articles, or just that
no one is citing them? How is research in
architecture used, for what purposes and by whom?

Myth #16. Vernacular design provides an
environmental model for contemporary
architecture.

Students typically enjoy the lectures on vernacular
architecture, and assignments on indigenous
solutions are usually quite popular. But how are the
lessons of Yemeni towers and Pueblo dwellings to
be extracted for purposes of modern practice?
Arguments that vernacular design has been shaped
by environmental and climate conditions are
routinely disputed by cultural anthropologists who
argue that form follows culture, not terrain and
climate.

Given the 20th-century legacy of cheap fuel and
electricity, and people’s expectations for uniform
comfort conditions in all of our buildings, what
opportunities are there for vernacular-based
designs? Is the image of a naturally ventilated
skyscraper an oxymoron?

Myth #17. “Sustainability” will be the rallying
cry for a new, environmentally-sensitive
architecture.

We’ve all had to address the sustainability issue, if
only to decide whether the word itself is
appropriate. Although the term has been given
prominence throughout professional schools and
design firms by articulate speakers and
practitioners, has anything changed as a result? Are
firms adopting “green” strategies because of their
new-found appreciation for the environment,
because of greater demand from clients, because
they see it as a new market niche? Can we separate
the hype from the solid work?

Myth #18. Better environmental quality means
greater productivity.

The buzz word for the nineties has been
“productivity” not “energy efficiency,” for the
obvious reason that workers are expensive and
energy is cheap. Several books and articles have
been written on how better environmental design
has enhanced productivity. But the evidence to date
has been pretty thin. It is difficult to measure the
impact of changes in environmental design and
measuring productivity has always been extremely
complex. To show causation between the two is no
trivial pursuit. In fact, it may be some time before
we have good evidence to support the relationship
between these variables.



Solutions

So what can we learn by taking a closer look at
these so-called myths? Do they help to explain any
of the behavior we see or experience daily in our
work? Does knowing how architects regard
building science tools or what design students
think about technology classes help our shared
objectives to provide good indoor environments
that are also good for the larger environment?
Where can we go from here?

I believe we can do several things. Briefly, we can:

¢ Educate more non-architects about the
importance of building science.

* Educate design instructors about basic principles
of building science.

* Get on accreditation boards and put schools on
probation that don’t have a comprehensive
program of instruction in building science
integrated with design.

* Work with codes and standards committees that
address building performance—architects will
eventually figure how to comply.

* Push for design budgets that include building
science consultants and show how lifecycle costing
can justify higher first costs. Architects don’t have
the time to educate themselves on all these issues,
but clients need to be convinced that it is in their
interest to address these concerns. Fear of future
lawsuits over “sick” building or other performance-
related issues may motivate some clients to address
issues early.

* Propose fees based on building performance, or
“feebates” which can serve as a strategy for
motivating the design team to incorporate high-
performing elements and ensure their correct
operation.

+ Cultivate those clients savvy enough to want
environmentally responsive buildings. (Let’s face
it, the majority of environmentally-responsive
buildings are created for organizations that
champion environmental issues and hire designers
to showcase their causes.)

* Provide architects with performance specs. What
do the materials or technologies look like? What
color, shape, size? And always, what cost? Most
architects can’t begin to consider strategies such as
light pipes, advanced glazings, photovoltaics,
without this basic information.

* As teachers we need to continue to teach what we
individually believe in. Since the jury is out—and
will remain so—on so many of these issues, it is
important that we pursue a varied and diverse
agenda, challenge assumptions and authorities, and
continually examine our myths.

Conclusion

Our task for the next few days is to make a
concentrated effort to understand the different
languages, cultures, risks and rewards inherent in
the now separate disciplines of architecture and
building science. This conference provides us with
an excellent occasion to find out what our
colleagues are doing and to acquaint ourselves with
their concerns. I strongly suggest that each one of
you take your conference program and put a check
next to every talk where you know the topic or the
speaker—and then don’t go to those. Go to the
talks where you don’t even understand the title. We
have a great opportunity now to listen and learn
from each other. Let’s make the most of it.
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